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Overview of Briefing

• Background/Status of SatNav Investment Analysis

• Decision Criteria

• Cost Estimation - Users Costs and Equipage

• Benefits Estimation - Aviation and Non-Aviation, Strategic
and Incremental.

• Review of Candidate Alternatives (covered in subsequent
brief).
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Investment Analysis
Schedule

• WAAS/LAAS Baseline  -  1/98.

• GAO Report - 4/98.

• Briefing to Administrator - 9/98.

• SatNav Investment Analysis - 10/98 to 7/99.

• Johns Hopkins GPS Report - 1/99.

• Public Meetings - 2/25/99, 4/6/99, and 7/7/99.

• Investment Analysis Team Off-Sites - 6/1/99 and 6/16/99.

• Senior Management/Stakeholders Briefings -  Late June.

• SEOAT Briefing - Late July.

• Investment Decision (JRC) - August or September
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Investment Analysis
Scope

• Rebaseline Satellite Navigation (especially WAAS/LAAS)
Programs.

– Analyze satellite and non-satellite navigation strategies.

• Update SatNav CBA per GAO Report, 4/98.

• Include a “Lease vs Buy” analysis for WAAS satellites.

• Out of Scope - Conduct of Ongoing WAAS/LAAS/NAV
Programs.



5

Decision Criteria Categories

• Mission Effectiveness:  Impact of the project in
improving mission performance for external or
internal customers.

• Return on Investment:  Value of the project in
economic terms to FAA and Users.

• Risk:  The Risk resulting from uncertainty.

• Strategic Alignment:  Extent to which the proposed
investment supports strategic organizational
objectives.
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Alternatives Analysis

• The Navigation Alternatives:

– Developed four basic alternatives, each with several
variations depending on the extent of roles for LAAS and
ground-based Navaids.

– Alternatives Analysis Study recommended that 12 sub-
alternatives be costed. (This was briefed at the April
Public meeting)

–  Using Decision Criteria, the candidate alternatives will
be compared and an alternative chosen to recommend
to the FAA’s Joint Resources Council.
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SatNav
User Cost Data

Status & Request for Feedback
DRAFT
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Cost Categories

• Air Carriers

• Regionals

• General Aviation (including Helicopter)

• Military

DRAFT
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User Cost Drivers

• FAA schedules for reaching each SatNav
alternative

• Assumptions on avionics costs

• Assumptions on how users will equip under each
alternative

DRAFT
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Approach to Air Carriers
Cost Estimate

• Estimated equipage schedules based on responses
to questionnaire

• Applied unit cost estimate to quantities based on

– Feedback from airlines

– Feedback from avionics manufactures

• Questionnaire responses represented 80 percent of
total current aircraft

• For remaining air carriers, the average of
respondents was applied DRAFT
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• FY00 to FY06 follows questionnaire responses

• Expert judgement was used beyond FY06

• Assume no new ADF, TSO C-129 GPS, or LORAN after
2004; 4% reduction due to acft retirements

• Assume no new vanilla GPS after 2004; 4% reduction due
to acft retirements

• Beginning 2007, Assume all new aircraft and 4 percent of
the non-equipped 2000 inventory equip for WAAS.

• Assume no new VOR, DME, or ILS after 2012; 4%
reduction due to acft retirements

Air Carrier Equipage
Assumptions

DRAFT
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Approach to GA Cost
Estimate

• Estimated equipage schedules & quantities
– Corporate- High End GA, Air Taxi - Mid End, Other

GA - Low End

• Applied unit cost estimate to quantities based on
data from
– Avionics manufacturers

– Expert judgement

DRAFT
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Data Sources Used

• For General Aviation Estimate:

– User questionnaire results

– General Aviation Analysis FAA Aerospace
Forecasts FY 1999 - 2010

– NBAA Survey results

– 1995 & 1997 DOT/FAA General Aviation &
Air Taxi Activity & Avionics Survey

DRAFT
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Approach to Regionals
Cost Estimate

• Estimated equipage schedule using GA data for
corporate aircraft

• Applied unit cost estimate to quantities based on
data from

– Avionics manufacturers

– Expert judgement

DRAFT
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Draft User Cost Data

DRAFT
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US Aircraft Fleet User Costs

• Preliminary figures:  Validation or correction
requested

Avionics
Acquisition - 
New Acft

Acquisition - 
Retrofit

Annual 
Maintenance

ADF $33 $37 $2.4
DME $59 $64 $2.4
Cat III ILS $62 $68 $3.6
VOR $35 $39 $2.4
GPS/WAAS $45 $81 $4.3
Cat II/III LAAS $30 $54 $2.9

Costs per Aircraft (In Thousands) for Air Carrier

DRAFT
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GA High-End and Regional
Carriers User Costs

• Preliminary figures:  Validation or correction
requested

Avionics
Acquisition - 
New Acft

Acquisition - 
Retrofit

Annual 
Maintenance

ADF $33 $37 $0.3
DME $39 $43 $0.3
Cat I ILS $41 $45 $0.3
Cat II ILS $49 $54 $0.3
VOR $33 $37 $0.3
LORAN $12 $14 $0.1
GPS/WAAS $29 $33 $0.3
Cat II LAAS $25 $36 $0.3

Costs per Aircraft (In Thousands) for GA High End

DRAFT
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GA Mid and Low-End
User Costs

• Preliminary figures:  Validation or correction
requested

Avionics
Acquisition - 
New Acft

Acquisition - 
Retrofit

Annual 
Maintenance

ADF $5 $5 $0.1
DME $5 $6 $0.1
Cat I ILS $5 $6 $0.1
Cat II ILS $9 $10 $0.2
VOR $5 $6 $0.2
LORAN $11 $12 $0.2
GPS/WAAS $13 $15 $0.2
Cat II LAAS $5 $5 $0.1

Costs per Aircraft (In Thousands) for GA Mid and Low-End

DRAFT
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Schedule and Equipage Data

DRAFT



20

US Aircraft Fleet Forecast

• Based on
– FAA Aerospace Forecasts FY1999-2010 (March 1999),
– FAA Long-Range Aviation Forecasts  FY 2010, 2015

and 2020 (June 1998)
• FY  2011 - 2020 forecasts

– Based on average annual % changes (forecast factors)
for the aircraft fleet

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Air Carrier (US Commercial - Jet Aircraft) 5,610 6,052 6,572 7,170 7,737 8,360 8,783 9,228 9,695 10,186 10,702
US Regional/Commuters 2,171 2,301 2,485 2,645 2,760 2,886 2,997 3,112 3,231 3,355 3,484
Corporate GA (EQUATION = 5% of GA (Total) 9,964 10,166 10,393 10,610 10,825 11,040 11,240 11,443 11,650 11,861 12,075
GA (Total) 199,281 203,313 207,861 212,193 216,506 220,804 224,796 228,861 232,999 237,212 241,501
Military* (Not Updated) 14,546 14,546 14,546 14,546 14,546 14,546 14,546 14,546 14,546 14,546 14,546
Total 221,608 226,212 231,464 236,554 241,549 246,596 251,122 255,746 260,471 265,299 270,232

DRAFT
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Air Carrier Questionnaire
 Results

Current 2002 2004 2006 2008 2010 2012 2014
% equipped % equipped % equipped % equipped % equipped % equipped % equipped % equipped

ADF 73% 70% 67% 63% 62% 62% 62% 62%
VOR 100% 100% 100% 97% 96% 81% 63% 63%
DME 100% 100% 100% 100% 97% 85% 85% 85%
ILS 100% 100% 100% 100% 100% 87% 71% 71%
GPS 3% 11% 13% 13% 13% 13% 13% 13%
TSO C-129 Certified GPS 3% 6% 8% 8% 8% 8% 8% 8%
GPS/WAAS Upgradable 14% 38% 45% 54% 57% 58% 59% 59%
LORAN-C 5% 5% 5% 5% 5% 0% 0% 0%

MODULE SUMMARY - AIR CARRIERS - SURVEY RESPONSES INCLUDING REMAINING AIR CARRIERS (AVERAGE ASSUMED)

• Our survey of air carrier responses represents 80 percent of the current
total fleet in the United States. The table below provides the summary
results for air carriers.

DRAFT
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Air Carrier Equipage
 Schedule

*  LAAS equipage data is the same as WAAS

Avionics
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

ADF 73% 70% 67% 56% 48% 40% 34% 29% 24% 19% 15%
DME 100% 100% 100% 100% 97% 85% 85% 74% 64% 55% 47%
Cat III ILS 50% 50% 50% 50% 50% 44% 35% 31% 27% 23% 20%
VOR 100% 100% 100% 97% 96% 81% 63% 55% 48% 41% 35%
GPS/WAAS 14% 38% 45% 54% 63% 76% 92% 100% 100% 100% 100%
Cat II/III LAAS 14% 38% 45% 54% 63% 76% 92% 100% 100% 100% 100%

Equipage Rates for Air Carriers

DRAFT
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High-End General Aviation
 Equipage Schedule

Assumptions:
No new LORAN; reduction due to aircraft retirements and fleet growth
All new aircraft and 4% of the non-equipped 2000 inventory equip for WAAS.
No new VOR, DME, or ADF after 2007; reduction due to aircraft retirements and fleet
growth.

DRAFT

Avionics
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

ADF 95% 90% 85% 77% 70% 63% 56% 50% 43% 36% 30%
DME 95% 90% 85% 77% 70% 63% 56% 50% 43% 36% 30%
Cat I ILS 100% 100% 100% 100% 100% 100% 100% 92% 85% 78% 71%
Cat II ILS 10% 10% 10% 10% 10% 10% 9% 8% 8% 7% 6%
VOR 100% 100% 100% 100% 96% 88% 81% 73% 67% 60% 54%
LORAN 9% 8% 7% 6% 5% 0% 0% 0% 0% 0% 0%
GPS/WAAS 10% 15% 20% 40% 60% 80% 100% 100% 100% 100% 100%
Cat II LAAS 0% 0% 2% 10% 10% 10% 10% 10% 10% 10% 10%

Equipage Rates for GA High-End
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Non-Corporate General
Aviation Equipage Schedules

DRAFT

Avionics
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

ADF 60% 53% 46% 39% 32% 25% 20% 16% 13% 11% 10%

DME 60% 53% 46% 39% 32% 25% 20% 16% 13% 11% 10%
Cat I ILS 100% 100% 100% 100% 100% 100% 92% 85% 78% 71% 64%
Cat II ILS 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
VOR 100% 100% 100% 100% 96% 88% 81% 73% 67% 60% 54%
LORAN 6% 5% 5% 4% 4% 0% 0% 0% 0% 0% 0%
GPS/WAAS 2% 3% 5% 9% 14% 22% 30% 38% 45% 52% 59%
Cat II LAAS 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Equipage Rates for GA Mid-End

Avionics
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

ADF 60% 53% 46% 39% 32% 25% 20% 16% 13% 11% 10%
DME 60% 53% 46% 39% 32% 25% 20% 16% 13% 11% 10%

Cat I ILS 100% 100% 100% 100% 100% 100% 92% 85% 78% 71% 64%
Cat II ILS 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
VOR 100% 100% 100% 100% 96% 88% 81% 73% 67% 60% 54%
LORAN 6% 5% 5% 4% 4% 0% 0% 0% 0% 0% 0%
GPS/WAAS 2% 3% 5% 8% 12% 19% 26% 33% 39% 45% 50%
Cat II LAAS 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Equipage Rates for GA Low-End
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Corporate General Aviation and
Regional Carriers Equipage Schedule

Assumptions:
No new LORAN; reduction due to aircraft retirements and fleet growth
All new aircraft and 4% of the non-equipped 2000 inventory equip for WAAS.
No new VOR, DME, ILS, or ADF after 2007; reduction due to aircraft retirements and fleet
growth.

Equipage Percent 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Robust WAAS, LAAS 10,761 10,978 11,224 11,458 11,691 11,923 12,139 12,358 12,581 12,809 13,041
BBN VOR/DME/ILS 5.4% growth rate

Corporate - High End GA and Regionals
VOR 100% 100% 100% 100% 95% 87% 78% 70% 62% 55% 47%
DME 100% 100% 100% 100% 95% 87% 78% 70% 62% 55% 47%
ADF 100% 100% 100% 100% 95% 87% 78% 70% 62% 55% 47%
ILS

ILS Cat I 100% 100% 100% 100% 95% 87% 78% 70% 62% 55% 47%
ILS Cat II 10% 10% 10% 10% 10% 9% 8% 7% 7% 6% 5%

GPS/WAAS Upgradable 65% 72% 79% 85% 91% 97% 100% 100% 100% 100% 100%
LAAS

LAAS Cat I 10% 20% 30% 40% 50% 50% 50% 50% 50% 50% 50%
LAAS Cat II 0% 0% 2% 10% 10% 10% 10% 10% 10% 10% 10%

Loran-C (IFR) (Last yr 2008) 10% 9% 8% 7% 6% 0% 0% 0% 0% 0% 0%

DRAFT
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USAF SatNav Cost
Estimation

Assumptions
• Equipage for Alternative III and IV are identical

• Costs are cumulative (GATM, JPALS, WAAS)
– Cannot go directly to WAAS capability without first installing

GATM, JPALS architecture

– CNS/ATM = GATM (Global Air Traffic Mgt)

• USAF only costs for CNS/ATM:  $5.2 Billion (FY1999-
2013)
– Includes enabling technologies besides GPS (ADS,  CPDLC,

SATCOM, etc.)

– Difficult to provide cost deltas without defining exact NAS
structure

A
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Benefit Analysis

• Both Strategic and Incremental Benefits identified

• Incremental Benefits quantified wherever possible

• Strategic Benefits noted with enabling
technologies listed

• ALL Benefits will be considered in determining
which alternative we will recommend

• ONLY incremental benefits go into B/C ratio

• USER input key to validating benefits
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INCREASED OPERATIONAL EFFECTIVENESS

Increased number of IFR landing facilities.

Expanded air services.

Reduced number of flight disruptions.

More effective airport configurations.

Improved surface surveillance.

Improved surface navigation.

Terminal airspace efficiency

Increased availability of RNAV routings.

Improved low-altitude surveillance.

Increased usage of airborne self-separation.

Optimized controller tasking.

Quantitative Qualitative
STRATEGICINCREMENTAL

Benefit Categories
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INCREASED SAFETY
Improved surface surveillance.

Improved surface navigation.

Improved airborne collision avoidance.

Reduced risk of CFIT on approach.

Reduced risk of CFIT en route.

REDUCED COSTS
Reduced infrastructure costs.

Non-Aviation Benefits.

Quantitative Qualitative
STRATEGICINCREMENTAL

Benefit Categories
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Interdependencies

INCREASED OPERATIONAL 
EFFECTIVENESS

Increased number of IFR landing facilities.

Expanded air services.

Reduced number of flight disruptions.

More effective airport configurations.

Improved surface surveillance.

Improved surface navigation.

Terminal airspace decongestion.

Increased availability of RNAV routings.
Improved low-altitude surveillance.

Increased usage of airborne self-separation.
Optimized controller tasking.

 STRATEGIC DEPENDENCIES  INCREMENTAL BENEFIT REQUIREMENTS 

WAAS
/LAAS

Moving
Map ADS-B CDTI

Terrain
DB

Mass
Equipage

NAS
DSSs
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Interdependencies

INCREASED SAFETY

Improved surface surveillance.

Improved surface navigation.

Improved airborne collision avoidance.

Reduced risk of CFIT on approach.

Reduced risk of CFIT en route.

REDUCED COSTS

Reduced infrastructure costs.

Non-Aviation Benefits.

 STRATEGIC DEPENDENCIES  INCREMENTAL BENEFIT REQUIREMENTS 

WAAS
/LAAS

Moving
Map ADS-B CDTI

Terrain
DB

Mass
Equipage

NAS
DSSs


